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POTENTIAL OF FIELD CORN AS A BARRIER CROP AND
EGGPLANTASATRAP CROP FOR MANAGEMENT OF BEMISIA
ARGENTIFOLII (HOMOPTERA: ALEYRODIDAE) ON COMMON

BEAN IN NORTH FLORIDA

HUGH ADAM SMITH AND ROBERT MCSORLEY
Department of Entomology and Nematology
University of Florida
Gainesville, FL, 32611

ABSTRACT

Trap crops and barrier crops are among the cultural control methods promoted for
management of Bemisia argentifolii Bellows & Perring, particularly for small farmers
in the tropics. In 1996 eggplant, Solanum melongena L., was tested as a trap crop, and
in 1996 and 1997 corn, Zea mays L., was tested as a barrier crop for management of
B. argentifolii on bean, Phaseolus vulgaris L. In 1996 treatments were compared by
sampling immature B. argentifolii on bean leaves. Neither egg nor nymphal densities
were reduced by eggplant or corn treatments in 1996. In the 1997 corn barrier trial
plot size was increased and the orientation of barrier row to wind direction was eval-
uated. A dust-and-release procedure was used to measure entry of greenhouse-reared
adult B. argentifolii into experimental plots. Counts from yellow sticky traps in 1997
indicated that migration by adult whiteflies into plots was determined primarily by
air currents and was only marginally influenced by the presence of a corn barrier. The
results indicate that barrier crops and certain trap crops may have limited value for
whitefly management.

Key Words: Intercropping, polyculture, vector management, wind dispersal, pest
management
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RESUMEN

El uso de cultivos trampa y cultivos de barrera se estd promoviendo como medida
de control de la mosquita blanca (Bemissia argentifolii Bellows & Perring), principal-
mente entre pequerios agricultores de los trépicos. En 1996 se probé el cultivo de be-
renjena (Solanum melongena L.) como planta trampa y en 1996 y 1997 se utilizé maiz
(Zea mays L.) como cultivo barrera para el control de B. argentifolii en un campo de fri-
jol, Phaseolus vulgaris L. En 1996 se colectaron muestras de B. argentifolii en fase in-
madura de hojas de frijol para comparar el efecto de los tratamientos. En 1996 no se
logré reducir la densidad de huevecillos o ninfas en el frijol al emplear berenjena o
maiz. En 1997 se aument6 el tamaifio de la parcela experimental de maiz y se evalué el
efecto de la orientacion del surco barrera en relacién a la direccién del viento. La can-
tidad de adultos de B. argentifolii que entraron a los lotes experimentales se cuantificé
mediante un procedimiento de espolvoreo y liberacion (dust-and-release). En 1997 se
encontré que la migracion de adultos de mosquita blanca hacia los lotes experimenta-
les fue determinada principalmente por corrientes de aire y que la presencia de maiz
barrera tuvo muy poco efecto en controlar su entrada. Los resultados indican que los
cultivos barrera y trampa fueron poco efectivos en el control de la mosquita blanca.

Bemisia argentifolii Bellows & Perring, also known as the B strain of B. tabact
(Gennadius), causes significant economic damage to agronomic and horticultural
crops throughout warm regions of the world (Brown et al. 1995). Bemisia argentifolii
is a phloem-feeder which vectors numerous geminiviruses and inflicts a variety of
plant disorders as well as mechanical damage (Byrne et al. 1990, Hiebert et al. 1996,
Shapiro 1996). It has demonstrated resistance to most classes of pesticides (Denholm
et al. 1996), forcing growers and researchers to evaluate alternative methods of con-
trol. Attempts to manage whiteflies by cultural means have included the use of trap
crops (Al-Musa 1982, Ellsworth et al. 1994, McAuslane et al. 1995, Schuster et al.
1996) and barrier crops (Sharma & Varma 1984, Fargette & Fauquet 1988, Rataul et
al. 1989, Morales et al. 1993).

Trap crops are preferred host plants which are used to draw an herbivore away
from a less-preferred main crop (Vandermeer 1989). Bemisia argentifolii has been ob-
served to oviposit heavily on eggplant, Solanum melongena L. (Tsai & Wang 1996),
leading researchers to suggest eggplant as a promising trap crop (Faust 1992).

Whiteflies are weak fliers, relying on air currents for both short and long distance
migration (Byrne & Bellows 1991, Byrne et al. 1996). Several tall-growing non-host
plants, primarily in the family Gramineae, have been tested as barrier crops or inter-
crops to reduce whitefly colonization and virus transmission among main crops. Re-
sults have been mixed. Morales et al. (1993) reported that a sorghum, Sorghum
bicolor (L.) Moench, barrier reduced B. tabaci densities and transmission of virus, on
tomatoes, Lycopersicon esculentum Mill. A pearl millet, Pennisetum typhoides (Burm.
f.) Stapf & Hubbard, barrier reduced whitefly virus transmission on cowpea, Vigna
unguiculata (L.) Walp. (Sharma & Varma 1984) and on soybean, Glycine max (L.) Mer-
rill (Rataul et al. 1989). Gold et al. (1990) found reduced densities of Aleurotrachelis
socialis Bondar and Trialeurodes variabilis (Quaintance) on cassava, Manihot escu-
lenta Crantz, intercropped with maize, Zea mays L., and cowpea, but attributed this
in part to reduced host quality due to intercrop competition. Fargette & Fauquet
(1988), whose study included the effect of wind direction, found densities of B. tabaci
and virus incidence were sometimes higher on cassava intercropped with maize than
on monocropped cassava.
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These studies have been carried out primarily in the tropics, where safe, inexpen-
sive cultural control measures are a priority for low resource farmers. Extension ma-
terial from Central America promotes the use of crop barriers as a component of
whitefly management programs (Salguero 1993). The present study was undertaken
in 1996 to test the usefulness of eggplant as a trap crop and field corn as a barrier crop
for management of B. argentifolii on common bean, Phaseolus vulgaris L. It was con-
tinued in 1997 focusing only on the barrier crop treatment and including the effects
of wind direction and barrier row orientation.

MATERIALS AND METHODS

Research Design and Plot Management, 1996

The experiment was carried out at the University of Florida Green Acres Agronomy
Research Farm, northwest of Gainesville, FL (29°40°'N, 82°30'W). Four treatments
were compared: 1) bean planted in monoculture, 2) bean intercropped with eggplant,
3) bean intercropped with field corn, and 4) bean monoculture treated with imidaclo-
prid (Provado 1.6F, Bayer, Kansas City, MO), a systemic insecticide. The imidacloprid
treatment was included for yield comparison only. It was not sampled for whiteflies.

‘Espada’ bean (Harris Seed, Rochester, NY) was used in the monoculture and inter-
crop treatments. ‘Black Beauty’ eggplant (Ferry-Morse Seed, Fulton, KY) was tested
as a trap crop in one intercrop treatment. The subtropical field corn hybrid Howard II-
IST (Gallaher et al. 1998) was tested as a barrier crop in the other intercrop treat-
ment. Plant spacing within the row was 10 cm for bean, 15 c¢m for corn, and 46 cm for
eggplant. Each plot contained 14 rows which were 6.1 m in length with 0.9 m between
rows. Intercropped plots were planted in a 2:4:2:4:2 pattern, with corn or eggplant in
the outermost and central 2 rows, surrounding 2 four-row patches of bean. Each treat-
ment was replicated 5 times and arranged in a randomized complete block design.

Corn was planted on 26 July and fertilized with 0.68 kg 15-0-14 (N-P,0,-K,0) per
row. Corn received 0.3 kg 15-0-14 per row on 9 August. Heavy Spodoptera frugiperda
(J. E. Smith) damage threatened the barrier crop treatment in August. Corn was
treated with 1.74 liter/ha methomyl (Lannate, DuPont Corp., Wilmington, DE) on 9
August and 29 August. Eggplant was transplanted on 22 August when 3 wks old. Egg-
plant received 0.23 kg per row 15-0-14 fertilizer 27 August, and 0.8 kg on 27 Septem-
ber and 10 October. Beans were planted on 15 September and fertilized with 0.37 kg
15-0-14 per row on 23 September and 12 October.

The experimental area was treated with 0.19 liter/ha paraquat (Gramoxone, Zen-
eca) on 26 July. Subsequent weed control was mechanical or by hand. The imidaclo-
prid-treated beans received 52.6 g/ha ai imidacloprid (Provado 1.6 F, Bayer) on 4
October and 12 October. This is the rate recommended on the 1abel for most vegetables
(Bayer, Kansas City, MO). Provado 1.6F was applied with a backpack sprayer. Imida-
cloprid is not registered for use on beans but was included so that yield from inter-
cropping treatments could be compared with yield from chemically-protected beans.

Sampling

Whole plant examinations were made of 1 or 2 bean plants per plot each week from
22 September through 11 November except for 29 September. Only the underside of
the leaf was examined. The area of each leaf was recorded using a LI-COR portable
leaf area meter (model LI-3000A, LI-COR, Lincoln, NE). Bean treatment comparisons
were made on the basis of whole plant counts. Leaf counts from upper, middle, and
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lower plant strata were used for comparison with eggplant on 21 October and 4 No-
vember. On 29 September bean and eggplant comparisons were based on the average
of counts taken from one 3.35 cm® disc from a leaf in the upper and lower strata of two
plants per plot (McAuslane et al. 1995).

Whole plant examinations were made of 1 to 3 eggplants per block each week from
25 August through 8 October. After that time, plants became too large for whole plant
examinations. Whole leaf counts from upper, middle, and lower strata were made of
eggplant on 21 October and 4 November.

Leaves were examined using a stereoscope and fiber-optic light. Total number of B.
argentifolii eggs, nymphs, parasitized nymphs, and red-eyed nymphs (also called ‘pu-
pae’) was recorded for each leaf. Leaves with nymphs showing symptoms of parasit-
ism were placed in unwaxed cylindrical 0.95 liter cardboard cartons (Fonda Group,
Union, NJ) to allow parasitoids to emerge.

The height of five corn plants per row was measured on 4 October to assess the bar-
rier effect. Beans were harvested from two 1.8-m sections from each plot on 22 No-
vember and fresh weight was recorded.

Research Design and Plot Management, 1997

In 1997 the corn barrier treatment was repeated on a larger scale. Three treat-
ments were compared to evaluate the influence of the barrier crop and the effect of
barrier row orientation to wind direction on adult whitefly movement. Prevailing winds
in August in the area tend to be from the east. The treatments were 1) bean planted
in monoculture (bean alone), 2) alternating rows of bean and corn planted north to
south (barrier), and 3) alternating rows of bean and corn planted east to west (open).

Treatments were arranged in a randomized complete block strip split plot design.
Each treatment was replicated four times. The four blocks were arranged in pairs on
either side of a 12 m-wide path running north to south. Treatment plots were 15.25 m
x 30.5 m, with the shorter side parallel to the central path. This design was used to
allow for a release of whitefly adults from points spaced evenly along the central path.

Corn was planted on 25 March. It was fertilized with 67 kg/ha 15-0-14 (N-P,O.-
K,0) on 1 April, 26 April, and 14 May. Bean was planted on 1 July and fertilized with
33 kg/ha 15-0-14 (N-P,0,.-K,0) at planting, 10 July, and 20 July. Overhead irrigation
was used to supplement rainfall. Plots were weeded mechanically and by hand.

Mass-rearing of B. argentifolii

About 30 senescing broccoli, Brassica olerecea L., plants infested with B. argenti-
folii were removed from an organic farm near Gainesville between 1-6 June. They
were potted and placed with 36 flowering hibiscus, Hibiscus rosa-sinensis L., plants in
a greenhouse at the Department of Entomology and Nematology at the University of
Florida. Hibiscus plants were watered regularly and fertilized with Purcell’s Sta-
Green® plant food (18-6-12 N-P,0,-K,O, Purcell Industries, Sylacauga, AL). By early
August, the hibiscus plants were heavily infested with whiteflies.

Trap Preparation

Yellow sticky traps have been used in many instances to monitor and sample
whitefly adults (Ekbom & Xu 1990). In the evening of 7 August 180 plastic yellow 710-
ml cups (Solo Cup Company, Urbana, IL) were coated with an aerosol adhesive (prod-
uct 95010, Tanglefoot Company, Grand Rapids, MI) for use as whitefly traps. The
traps were arranged in 5 rows within each plot at 1.5, 7.6, 14, 20, and 26 m from the
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edge of the plot bordering the central path. Three traps were placed in each row. One
trap was placed 3.8 m in from either side of the plot, and one was placed 7.6 m within
the plot, at the center of the row.

Dust-and-release Procedure

Byrne et al. (1996) developed a method of dusting whitefly adults with a fluores-
cent pigment in the field and trapping them at a distance as a means to monitor move-
ment. We modified this method to distinguish the released whitefly adults from the
trapped field population.

Before dawn on 8 August the infested hibiscus plants were enclosed in 113.5 liter
plastic leaf litter bags. The nozzle of a technical duster (product 1964, Lesco, Cleve-
land, OH) was forced through the plastic and approximately 8.5-14 g orange fluores-
cent AX-14-N pigment (Fire Orange, Day-Glo Color, Cleveland, OH) was puffed from
the duster into the bag onto the infested plants. The hibiscus plants were transported
to the experimental area enclosed in plastic bags and arranged in 6 clusters of 6 plants
along the central path and between pairs of treatment plots. The plastic bags were re-
moved between 7:30 and 7:50 AM to allow a unified release of dyed whitefly adults.
The traps were removed and replaced at dusk. The second set of traps was removed
at dusk on 9 August. After removal, traps were kept refrigerated until examined.

On 10 August, the hibiscus plants were returned to the greenhouse. Traps were
placed in the plots from 8:00 AM to 5:00 PM on 14 August to determine that whitefly
adults from the first release were no longer measurably present in the area. On 24
August the dust-and-release procedure was repeated. Traps were set out from 8:00 AM
to 8:00 PM on 24 August, and replaced with traps that were recovered at dusk on 25
August. Hibiscus plants were removed after the second set of traps had been retrieved.

Traps were examined using a Spectroline 365 nm black light (model B-14N, Spec-
tronics, Westbury, NY). The number of fluorescing whitefly adults on each trap was re-
corded. The height of 15 corn plants per plot was measured on 27 August to evaluate
the barrier effect.

Statistical Analysis

In 1996, densities of B. argentifolii eggs, nymphs, parasitized nymphs, and red-
eyed nymphs were compared among bean treatments using analysis of variance
(PROC GLM, SAS Institute 1996). Densities of whitefly immatures on bean and egg-
plant in the trap crop test were compared using the same test, as was bean yield. For
the 1997 study, the effect of treatment, block, and trap position on trap count was an-
alyzed using analysis of variance. Orthogonal contrasts were then used to compare
trap counts in the same treatment east and west (upwind and downwind) of the re-
lease point, and to compare trap counts among treatments in blocks west of the re-
lease point. Wind direction data collected at the site were provided by Dr. E. B. Whitty,
Agronomy Department, University of Florida, Gainesville, FL.

RESULTS AND DISCUSSION

Whitefly Densities, 1996

Densities of eggs were highest on bean when sampling began and declined over
subsequent weeks (Table 1). Nymphal densities were highest during weeks 3 and 4.
Observations of parasitized nymphs and red-eyed nymphs were low throughout, al-
though parasitism increased slightly over time.
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There were no differences (p > 0.10) in egg density among treatments during the
first six weeks of sampling. Egg densities on bean alone were higher (p < 0.05) than
on bean intercropped with corn or eggplant during weeks 7 and 8. No differences (p >
0.10) in nymphal densities occurred among treatments. Densities of red-eyed nymphs
were higher (p < 0.05) on bean alone than on the corn and eggplant treatments during
week 4. During week 7, parasitism was more than twice as high in the eggplant treat-
ment as in the other two treatments.

Whitefly adults were observed on eggplant the day following transplanting on 22
August. Egg densities on eggplant foliage ranged from 0.66 + 0.46/cm’ on 25 August
to 3.53 + 0.72/cm® on 16 September, and declined over the following weeks. Nymphal
densities on eggplant foliage were 1.31 + 1.60/cm2 on 1 September and peaked at 2.39
+ 0.33 on 16 September, declining on subsequent sampling dates. When bean plants
were emerging, eggplants were quite large; they had an average of 7.0 + 1.3 branches,
a mean height of 17.33 £ 0.28 cm, and mean leaf area of 485 + 156 cm® (n = 5).

Bean vs. Eggplant

On all sampling dates after the first week, egg densities were higher (p < 0.05) on
bean than on eggplant (Table 2). During the week that nymphs were first observed on
bean, densities were lower (p < 0.05) on bean than on eggplant. During subsequent
sampling dates, nymphal densities were either higher (p < 0.05) on bean or not statis-
tically different. Observations of parasitized and red-eyed nymphs were either higher
on eggplant than on bean or not statistically different on the two hosts.

Parasitoid Species

All parasitoids reared from bean and eggplant were hymenopterans from the family
Aphelinidae. Thirty-nine parasitoid individuals were recovered from bean leaves. Thirty-
two of these were Encarsia nigricephala Dozier (82%), 4 were Eretmocerus sp. (10.3%),
and 3 were Encarsia pergandiella Howard (7.7%). Among the 121 parasitoid individuals
reared from eggplant leaves, 51 were E. pergandiella (42.1%), 48 were E. nigricephala
(39.7%), 13 were Eretmocerus sp. (10.7%), 6 were E. transvena (Timberlake) (5%), and 3
were Encarsia sp. (2.5%). The greater parasitism and variety of parasitoid species on egg-
plant may be due to the greater number of weeks that eggplant was in the field.

Bean Yield

There was an average of 37.30 + 5.88 bean plants per 3.6 m of row in all treat-
ments. Bean yield per 3.6 m of row was not different among the three treatments and
the imidacloprid-treated bean plants (imidacloprid: 0.95 kg + 0.71; bean: 0.87 kg +
0.58; corn: 0.47 kg + 0.28; eggplant: 1.14 kg + 0.77).

Eggplant as a Trap Crop

Eggplant did not reduce oviposition on adjacent bean early in the season, and so
did not function as a trap crop. Oviposition was not consistently higher on eggplant
than on bean as reported elsewhere (Tsai & Wang 1996). Eggplant leaves may have
been less suitable for oviposition because they were several weeks older than the bean
leaves. A concurrent test of squash, Cucurbita pepo L., as a trap crop for whiteflies
also produced negative results (Smith 2000).

It is possible that host-finding mechanisms used by whitefly adults prevent them
from being drawn away from one host plant by the presence of another. Bemisia tabaci
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apparently does not respond to host-specific visual or olfactory cues (Mound 1962).
Elucidation of the precibarial and cibarial chemosensilla of B. tabaci by Hunter et al.
(1996) indicates that B. tabaci may be able to evaluate plant sap before ingesting it.
It has been demonstrated that Trialeurodes vaporariorum (Westwood) relies on gus-
tatory information to accept or reject a host (van Lenteren & Noldus 1990), and this
may also be true for B. argentifolii. In addition, whitefly adults tend to leave some host
plant species more quickly than others (Costa et al. 1991, Verschoor-van der Poel
1978). The observed differences in host-specific oviposition density by B. argentifolii
may be due in part to length of tenure on the plant rather than to some preference ex-
pressed in the host-finding stage (Bernays 1999).

Many trap crop studies have not resulted in consistent reductions of whitefly den-
sities on the main crop (Ellsworth et al. 1994, McAuslane et al. 1995, Perring et al. 1995,
Puri et al. 1996, Schuster et al. 1996). However, Al-Musa (1982) and Schuster et al.
(1996) reported a reduction in virus incidence on tomato using cucumber, Cucumis sa-
tivus L., and squash, respectively, as trap crops. Power (1990) suggests that crop com-
binations which cause virus vectors to probe for briefer periods may reduce the
incidence of persistent viruses such as geminiviruses. Bernays (1999) demonstrated
that B. tabaci tends to move more often and spend less time on certain plants when
they were grown in combination than when they were grown in pure stands. The crop
combinations and densities employed by Al-Musa (1982) and Schuster et al. (1996)
may have led to reduced probing by the vector, and so reduced incidence of virus.

Corn as a Barrier Crop

The corn did not grow well in 1996 due to insufficient fertilizer. It attained a mean
height of 1.18 m + 0.34 (n = 150) and a density of 27 + 7 plants per 6.1m row (n = 30).
We re-evaluated the barrier effect in 1997 with larger, properly fertilized plots. Egg-
plant did not appear to be a promising trap crop, and so was not included in the field
experiment the following year.

Release of Adult Whiteflies, 1997

Average corn height was 2.45 + 1.97 m when whitefly releases were made. The ef-
fect of treatment on trap count was not significant (p > 0.10) on any of the four collec-
tion dates. Wind direction was from the east or northeast during the 4 days that
collections were made (Table 3). Trap counts in plots to the west of the release point
were significantly higher than trap counts in plots to the east of the release point for
each treatment on each collection date (Table 3). When treatments were compared on
the basis of downwind plots only, counts were lower (p < 0.05) in the barrier treatment
than the monocropped bean treatment on 9 August and 25 August. Trap counts were
lower in the downwind barrier plots than in the downwind ‘open’ plots on 24 August
(p < 0.05) and 25 August (p < 0.1) (Table 3).

Wind direction appeared to be the primary factor determining where whitefly
adults were trapped. This is consistent with observations that whitefly adults move
passively with wind currents as ‘aerial plankton’ (Byrne & Bellows 1991). Among
downwind plots, the barrier treatment tended to have the lowest counts, indicating
that the arrangement of corn rows perpendicular to the prevailing wind direction did
have some effect on the movement of adults within the plot. However the overall trap
counts in this study were low. The contribution made by corn barriers to reducing
whiteflies may depend on the density of the whitefly population. Crop barriers such as
corn may be more effective when used with other control measures. Short of employ-
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ing manufactured barriers such as floating row covers or fine mesh screens, whitefly
adults probably cannot be excluded from a cropped area (Norman et al. 1993).

Trap position had a significant effect on trap count (ANOVA, d.f. = 4; 8 August, F =
4.67, p < 0.05; 9 August, F = 4.65, p < 0.05; 24 August, F = 2.99, p < 0.1; 25 August,
F =2.86, p <0.1). The number of whiteflies caught decreased as trap distance from the
release point increased. The interaction of treatment and trap position interaction
was not significant, suggesting that this decline was not different among treatments.

Data derived from attractive traps may be ambiguous. A gravid or hungry whitefly
adult which is surrounded by non-hosts, such as corn, may be more sensitive to a dis-
tant patch of bright yellow than an adult in similar condition surrounded by accept-
able hosts, such as bean. It is conceivable that the whitefly adults in the corn
treatments spent more time searching and so were drawn from a greater area than
the whitefly adults trapped in the monocropped bean treatments. It is possible that
fewer whitefly adults entered the corn treatments than the monocropped bean, but
that a higher proportion of those entering the corn treatments were trapped. How-
ever, these considerations do not alter the overall impression that where air currents
can enter, whitefly adults can follow.
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